Introduction
Pichia guilliermondii is widely distributed in nature with strains of this species routinely isolated from exudates of various trees, insects [1, 2] , soil, plants [3J, the atmosphere, sea water [4J and processed foods [5J. In addition, P. guilliermondii is commonly isolated from clinical specimens such as phlegm [6] , wounds, sputum and blood [7J. For this reason, this species and its anamorphic state Candida guilliermondii are listed among the 15 yeasts most commonly related to human disease [8J and are responsible for conditions such as otitis, endocarditis and joint infections.
Recent studies of strains classified as P. guilliermoruJii and its anamorph C. guilliermondii have shown them to be a genetically heterogeneous complex comprising several phenotypically indistinguishable taxa [7, 9] . One of these, the recently reinstated species C. fermentati [9J, was originally described as Torula fermentati [IOJ. In the present investigation, molecular comparisons showed that two ascospore-forming strains represent the perfect state of C. fermentati. Additionally, the molecular comparisons showed that C. guilliermondii var. carpophila [1l,12J, which has been considered a synonym of P. guilliermondii [13] , represents a distinct species that is closely related to both P. guilliermondii and C. fermentati. Consequently, we include in this report the description of these new species.
EEO-Sigma. Chemical Co., St. Louis, MO, USA) were analyzed using a Chef Mapper (Bio-Rad, Hercules, CA, USA) with a 0.5x TBE (Tris-Borate--EDTA) buffer. Temperatures of 12-15°C were maintained throughout the runs, which were for 68 h at 4.5 V em-I with a switch of 60-300 s.
Materials and methods

Strains examined
Spectrophotometric (optical) DNA/DNA reassociation studies
Salient information on the strains studied is listed in Table 1 .
Physiology and sexual reactions
Conventional physiological tests were performed according to Yarrow [14] . Sexual reactions were tested using conditions suggested for Pichia species [13] and from a study of P. guilliermondii mating types [15] .
Electrophoretic karyotypes
Intact chromosomal DNA for pulsed-field gel electrophoresis (pFGE) was prepared as previously reported [16] . Gels composed of 1% ag'"drose (Type II-A, medium High-molecular weight nuclear DNA for optical reassociation experiments was obtained from 24-48 h cultures grown in YEPG (1.0% yeast extract, 1.0% peptone, 2.0% glucose) at 25°C. DNA was purified according to Marmur [17] as modified by Meyer and Phaff [18] or by the method of Bernardi et al. [19] with modifications by Price et al. [20] . Nucleotide sequence homology was determined according to the optical method of Seidler and Mandel [21] or according to Kurtzman et al. [22] using either a Gilford Response II spectrophotometer (Ciba Coming Diagnostics Corp., Gilford Systems, Oberlin, OH, USA) or a Beckman 640 spectrophotometer equipped with a Beckman HighPerformance Temperature Controller (Beckman Instruments Inc., Fullerton, CA, USA). 
Sequencing and analysis of domains DJlD2 26S rDNA
Isolation, purification and amplification of the ca. 600 nucleotide domains DIID2 26S rDNA were according to Kurtzman and Robnett [23] . Sequence data were visually aligned with QEDIT 2.15 (SemWare). Phylogenetic relationships were analyzed by the maximumparsimony and neighbor-joining programs of PAUP* 4.063a [24] .
Results
No definitive physiological differences were observed between the strains studied that provided species separation ( Table 1) . Two strains (DBVPG 4519 and DBVPG 4552) assigned to C. fermentati on the basis of PFGE profiles (Table 2) , showed 1% ascosporulation on YEPG and ME (3% malt extract, 1.5% agar). One, rarely two, saturn-shaped ascospores were observed in persistent asci ( Fig. 1 ) after 7-90 d at room temperature. Although it was assumed that these two strains were diploid, they were mixed with strains of C. fermentati and P. guilliermondii, but neither conjugation nor increased ascospore formation was observed. The groupings obtained from comparisons of electrophoretic karyotypes (Figs. 2 and 3) were also evident from nuclear DNA reassociation experiments. Three DNA relatedness groups were resolved: (1) Pichia/Candida guilliermondii, (2) C. guilliermondii var. carpophila, DBVPG 7741 and 7740 (type strains of the former species C. fukuyamaensis and C. xestohii, respectively), and (3) Pichia sp. nov., C. fermentati, and CBS 5674 (type strain of the former species Torulopsis kestonii ). Pichia Table 2 Strain groups assigned to PichialCandida guilJjermondii, C. fermentati and C. carpophi/a DBVPG CHEF" DNA base sequence homology Number of DIID2 nucleotide differences (http://www.cbs.knaw.nlJdatabases/) reveals that Candida fermentati (AB032175) differs from C. carpophila (AF022719) and P. guilliermondii (AF022717) by three and four base pairs, respectively (8% = 99.4 and 99.2), while the latter two species display five nucleotide differences (8% =99.0).
The foregoing data demonstrate the P. guilliermondii clade to be comprised of three genetic lineages, which we interpret as closely related species. Discovery of ascospore formation by strains of C. fermentati requires the description of a new ascosporic species, and the divergence shown by the P. guilliermondii var. carpophila group from the other taxa prompts us to elevate . this taxon to species status as a new combination.
Latin diagnosis of Pichia caribbica sp. nov. VaughanMartini, Kurtzman, S.A. Meyer and O'Neill.
Status imperfectus: Candida fermentati (Saito) Bai (1996) .
In medio liquido cum glucoso et peptono et extracto levedinis (post dies 3, 25°C) cellulae vegetativae ovoideae, (1.5-2) x (5-6) JlIIl, singulae aut binae. Cultura in agaro peptonato cum glucoso et extracto levedinis (post unum mensenum, 25°C) butyrosa, glabra, nitida, eburnea. Pseudohyphae nullae vel abundantes.
Non deliquescens asci formantur ex trcmsformatione cellularum vegetarum diploidearum. Ascosporae glabrae, spheroideos saturniformes; 1-2 in asco.
Glucosum, galactosum, maltosum (infirme), sucrosum, trehalosum et raffinosum fermentantur; non fermentantur lactosum, sorbosum, cellobiosum, et melebiosum.
Glucosum, galactosum, sorbosum (infirme), maltosum, sucrosum, cellobiosum, trehalosum, melibiosum (infirme), raffinosum, melezitosum, inulinum, xylosum, L-arabinosum (infirme), o-ribosum (infirme), L-rhamnosum (infirme), alcohol aethylicum, glycerinum (infirme), o-mannitolum, D-glucitolum, ex-methylum-o-glucosidum, acidum succinicum (infirme), acidum citricum, o-glucosaminum (infirme), N-acetyl-glucosaminum, lysinum, cadaverinum et ethylaminum assimilantur. Non assimilantur lactosum, amylum solubile, erythritolum, acidum lacticum, i-inositolum, methanolum, o-gluconatum, nitras kalicus et potassii nitras.
Necessaria vitaminae externae ad crescentiam variabills sunt. Temperatura maxima crescentiae 42°C. Crescere potest in 10% NaC1I5% glucosum, arbutinum, et O.lg 1-1 cicloheximido. Amylum non formatur. Ureum nonhydrolysature. Diazonium caeruleum B non respondens. Guaninum et cytosinum acidi deoxyribonucleati 49.4-49.8 mol%.
Typus: D BVPG 4519T (= CBS 9966, NRRL Y-27274) designar stirpem typicum. Isolatus ex Saccharwn officinarwn, Cuba depositata in collectione culturarum "DBVPG Dipartimento di Biologia Vegetale, Sezione Microbiologia", Perusia, Italie et collectione culturarum Officina Investigatoria Tractus borealis, Peoria, IL, USA. guilliermondii showed ca. 40--60% relatedness with the preceding two groups, and C. guilliermondii var. carpophila showed ca. 70% DNA complementarity with C. fermentati ( Table 2) . Analysis of D IID2 26S rDNA sequences showed no differences among strains of a group, but intergroup differences were detected. Pichia guilliermondii differed from C. guilliermondii var. carpophila and C. fermentati by one and three nucleotides, respectively. The latter two groups differed from one another by two nucleotide substitutions ( Growth on morphology agar: After 48 h at 25°C, the cells are ovoid or elongate, (1.5-2) x (5-6)~single or in pairs. Mter one month at 25°C, on gluco~peptonỹ east extract agar the streak is butyrous, smooth, glistening, and cream colored. Pseudohyphae, which can be absent or extensive, were observed in slide cultures on cornmeal agar, potato agar and morphology agar. Persistent asci containing 1-2 saturn-shaped ascospores were observed in very low percentage after 7-90 d at 25 DC, on YEPG and ME agar.
Fermentation: Glucose, galactose, maltose (±), sucrose, trehalose and raffinose are fermented; L-lactose, L-sorbose, cellobiose, and melibiose are not fermented.
Assimilation reactions and other growth tests: Glucose +; galactose +; L-sorbose ±; maltose +; sucrose +; cellobiose +; trehalose +; lactose -; melibiose ±; raffinose +; melezitose +; inulin +; soluble starch -; o-xylose +; Larabinose ±; o-ribose ±; L-rhamnose ±; ethanol+; glycerol ±; erythritol, -; o-mannitol +; n-glucitol +; cx-methyl-o-glucoside, +; oL-1actate -; succinate ±; citrate +; inositol -; o-glucosamine ±; methanol -; N-acetyl glucosamine +; o-gluconate -. Additional assimilation tests and other growth characteristics: nitrate -; nitrite -; cadaverine. 2 HCl +; ethylamine. HCl +; L-lysine +. Growth in 100 ppm cycloheximide +; in 1000 ppm cycloheximide ±; on 10% (wtJwt) NaCI, 5% glucose agar +; in presence of 50% glucose +; in vitamin-free medium variable. Ability to split arbutin +; production of starchlike compounds, -; DBB and urease reactions are negative. Growth at 42°C, +; 44 DC, -; mol% G + C of nuclear DNA: 49. 
Discussion
Candida Jermentati and P. guilliermondii are phenotypically similar and have minimal nucleotide divergence in the DIID2 domain of26S rDNA. Nevertheless, in this study they have been shown to be genetically separate on the basis of nuclear DNA reassociation and different electrophoretic karyotype profiles. Earlier, Bai [9] has shown significant variance between the two species in DNA base composition (range of about 5% among strains) and electrophoretic karyotypes. Bai et at [25] confirmed those findings and showed that it was possible to divide over 30 strains described as P. guilliermondii or its anamorph into six different groups on the basis of chromosomal profiles determined by PFGE. San Millan et al. [7] examined 35 isolates from the P. guilliermondii clade, most of which were clinical in origin, and concluded that they could not be further identified using criteria such as slime production, antifungal agent susceptibility, proteinase or esterase secretion and killer activity. The report by those authors that most strains of C. Jermentati showed galactose fermentation at 30°C after 21 d [7] could not be confirmed in this study (Table  1) . However, on the basis of isoenzyme analysis, San Millan et al. [7] were able to distinguish five separate groups somewhat in accordance with divisions established by Bai et al. [25] on the basis of PFGE.
Candida fukuyamaensis (DBVPG 7741), C. guilliermondii var. carpophila (DBVPG 7739) and C. xestobii (DBVPG 7740) are highly related as seen from 90-100% DNA sequence complementarity (Table-2) and identical DIID2 nucleotide sequences as shown previously [23] and in this study (Table 2) . However, despite high molecular relatedness, some of the strains exhibited different electrophoretic karyotypes (Fig. 3) . Divergence of karyotypes was also found by Bai et al. [25] who placed strains of the P. guilliermondii clade into three different chromosomal profile groups.
Candida carpophila appears to occupy an intermedi--ate position between P. guilliermondii and P. caribbica D2 domain with respect to P. guilliermondii [23, 26] and two substitutions with respect to C. Jermentati (DBVPG 7164). The limited extent of DIID2 sequence divergence is consistent with the intermediate DNA! DNA relatedness (53-78%) of C. carpophila to the type strains of P. guilliermondii, C. guilliermondii, P. caribbica and C. Jermentati Candida guilliermondii var. carpophila (DBVPG 7739) has been shown to have a distinct isoenzyme pattern relative to the type strain of C. guilliermondii [7] , with which it also had very low DNA relatedness [27] when determined under stringent temperatures using the membrane filter technique [28, 29] . Nakase and coworkers [30] also have found low DNNDNA base sequence homology (3~2%) between C. fukuyamaensis and C. guilliermondii.
This study further demonstrates the difficulty of resolving closely related yeast species. DNA reassociation data have provided the clearest separation of taxa in the P. guilliermondii clade. For this group of species, there is little nucleotide divergence in domains Dl/D2 of 26S rDNA. Previous studies have shown that DI/D2 divergence was unable to resolve the hybrid species Saccharomyces pastorianus from S. bayanus [31] , and that the varieties of Candida shehatae, which show 50% nuclear DNA relatedness, were unresolved by the D 1/D2 gene sequence [32] . Consequently, there is increasing evidence that some closely related species cannot be resolved from single gene sequence comparisons.
